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Liquid-crystal medium, 
and electro-optical display containing same 

The present invention relates to liquid-crystal displays, particularly active 

5 matrix addressed liquid-crystal displays (AMDs or AM LCDs), especially 

those which use an active matrix comprising thin film transistors (TFTs) or 
varistors. In addition, the present application relates to liquid-crystal media 
for use in displays of this type. AMDs of this type are able to use various 
active electronic switching elements. The most widespread are displays 

10 which use three-pole switching elements. These are also preferred in the 
present invention. Examples of three-pole switching elements of this type 
are MOS (metal oxide silicon) transistors or the above-mentioned TFTs or 
varistors. In the TFTs, various semiconductor materials, predominantly 
silicon or alternatively cadmium selenide, are used. In particular, poly- 

15 crystalline silicon or amorphous silicon is used. In contrast to the three- 
pole electronic switching elements, matrixes of 2-pole switching elements, 
such as, for example, MIM (metal insulator metal) diodes, ring diodes or 
"back to back" diodes, can also be employed in AMDs. However, as also 
explained in greater detail below, these are generally not preferred owing 

20 to the worse electro-optical properties achieved by the AMDs. 

The liquid crystals used as dielectrics in liquid-crystal displays of this type 
are those whose optical properties change reversibly on application of an 
electric voltage. Electro-optical displays which use liquid crystals as media 
25 are known to the person skilled in the art. These liquid-crystal displays use 
various electro-optical effects. 

The most widespread conventional displays use the TN effect (twisted 
nematic, having a nematic structure which is twisted by about 90°), the 
30 STN (supertwisted nematic) effect or the SBE effect (supertwisted birefrin- 
gence effect). In these and similar electro-optical effects, liquid-crystalline 
media of positive dielectric anisotropy (Ae) are used. 

Since the operating voltage in displays in general, i.e. including in displays 
35 using these effects, should be as low as possible, use is made of liquid- 
crystal media of large dielectric anisotropy, which are generally composed 
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predominantly of dielectrically positive liquid-crystal compounds and at 
most comprise relatively small/low proportions of dielectrically neutral 
compounds. 

5 In contrast to the said conventional displays utilising the said electro-opti- 
cal effects which require liquid-crystal media of positive dielectric anisot- 
ropy, there are other electro-optical effects which use liquid-crystal media 
of negative dielectric anisotropy, such as, for example, the ECB (electri- 
cally controlled birefringence) effect and its sub-forms DAP (deformation of 

10 aligned phases), VAN (vertically aligned nematics) and CSH (colour super 
homeotropics). These are the subject-matter of the present application. 

The IPS (in jDlane switching) effect, which has been employed to an in- 
creased extent recently, can use both dielectrically positive and dielectri- 

15 cally negative liquid-crystal media, similarly to "guest/host" displays, which 
can employ dyes either in dielectrically positive or in dielectrically negative 
media, depending on the display mode used. In the case of the liquid- 
crystal displays mentioned in this paragraph, those which use dielectrically 
negative liquid-crystal media are also the subject-matter of the present 

20 application. 

A further highly promising type of liquid-crystal display are so-called "axi- 
ally symmetric microdomain" (abbreviated to ASM) displays, which are 
preferably addressed by means of plasma arrays (glasma addressed liquid 
25 crystal displays, or PA LCDs). These displays are also the subject-matter 
of the present application. 

The liquid-crystal media employed in the above-mentioned liquid-crystal 
displays and all liquid-crystal displays which utilise similar effects gener- 
30 ally consist predominantly and in most cases even very substantially of 
liquid-crystal compounds having the corresponding dielectric anisotropy, 
i.e. of compounds of positive dielectric anisotropy in the case of dielectri- 
cally positive media and of compounds of negative dielectric anisotropy in 
the case of dielectrically negative media. 

35 



EM99289_2.doc 



-3- 

In the media used in accordance with the present application, at most sig- 
nificant amounts of dielectrically neutral liquid-crystal compounds and in 
general only very small amounts or even no dielectrically positive com- 
pounds at all are typically employed, since in general the liquid-crystal 
5 displays should have the lowest possible addressing voltages. For this 

reason, liquid-crystal compounds having the opposite sign of the dielectric 
anisotropy to the dielectric anisotropy of the medium are generally 
employed extremely sparingly or not at all. 

10 The liquid-crystal media of the prior art have relatively low low-temperature 
stabilities. Thus, the nematic phases often extend only down to -20°C and 
in some cases even only down to -10°C. In addition, the threshold voltages 
(V 0 ) are at the same time relatively high, in most cases even greater than 2 
V. 

15 

For the most part, the liquid-crystal media of the prior art have relatively 
unfavourable values for An, which are often much reater than 0.10. How- 
ever, such large An values are not particularly advantageous for VAN dis- 
plays, since small values for the optical retardation are typically used in 

20 VAN displays. Thus, for example, a d-An of approximately 0.30 pm is 
employed in the case of an untwisted director orientation or a d-An of 
approximately 0.40 pm is employed with a 90° twist. Such large An values 
require the realisation of very small layer thicknesses, which, although 
favourable for the response times observed, result, however, in low pro- 

25 duction yields. 

In most cases, the most favourable An values for practical displays are in 
the range from 0.07 to 0.12. This also applies to IPS displays. 

30 in addition, the response time of the prior-art displays is often inadequate- 
ly long, in particular for video-capable displays. Thus, the viscosities of the 
liquid-crystal media must be improved, i.e. reduced. This applies in parti- 
cular to the rotational viscosity and very particularly at low temperatures. A 
reduction in the flow viscosity generally results, in particular in the case of 

35 displays having a homeotropic edge alignment of the liquid crystals (for 
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4- 



10 



example in ECB and VAN displays), in a shortening of the filling times 
during production of the displays. 

Thus, there has been and continues to be a great demand for liquid-crystal 
media which do not have the disadvantages of the media from the prior art 
or at least do so to a significantly reduced extent. 

Surprisingly, it has been found that this is achieved by the liquid-crystal 
media according to the invention. These media comprise 

a) a dielectrically negative, liquid-crystalline component (component A) 
which comprises one or more dielectrically negative compound(s) of 
the formula I 



15 



F F 



20 



in which 



25 




A 11 ) — and independently of one another, are 




^2 y 




O 




H 




or 




// 



30 



preferably, 



particularly 
preferably 



independently of one another, are 

T7V or nfcT 





is — ( H 



35 



is alkyl having from 1 to 7 carbon atoms, preferably 
n-alkyl, particularly preferably n-alkyl having from 1 



to 5 carbon atoms, alkoxy having from 1 to 7 carbon 
atoms, preferably n-alkoxy, particularly preferably 
n-alkoxy having from 1 to 5 carbon atoms, or alkoxy- 
alkyl, alkenyl or alkenyloxy having from 2 to 7 carbon 
atoms, preferably having from 2 to 4 carbon atoms, 
preferably alkenyloxy, 

R 12 is alkyl or alkoxy having from 1 to 7 carbon atoms, 

preferably alkoxy, preferably n-alkoxy and particularly 
preferably n-alkoxy having from 2 to 5 carbon atoms, 
or alkoxyalkyl, alkenyl or alkenyloxy having from 2 to 
7 carbon atoms, preferably having from 2 to 4 carbon 
atoms, preferably alkenyloxy, 

one of 

Z 11 and Z 12 is OCF 2 or CF 2 0 and the other is a single bond, and 

n is 0 or 1 , 

and 

a dielectrically negative, liquid-crystalline component (component B) 
which preferably comprises one or more dielectrically negative com- 
pound^) selected from the group consisting of the compounds of the 
formulae II and III 




II 



III 



in which 



EM99289_2.doc 



-6- 



R 21 is alkyl having from 1 to 7 carbon atoms, preferably 

n-alkyl and particularly preferably n-alkyl having from 
1 to 5 carbon atoms, alkoxy having from 1 to 7 car- 
bon atoms, preferably n-alkoxy and particularly pref- 
5 erably n-alkoxy having from 2 to 5 carbon atoms, or 

alkoxyalkyl, alkenyl or alkenyloxy having from 2 to 7 
carbon atoms, preferably having from 2 to 4 carbon 
atoms, preferably alkenyloxy, 

10 R 22 is alkyl having from 1 to 7 carbon atoms, preferably 

n-alkyl, particularly preferably n-alkyl having from 1 
to 3 carbon atoms, alkoxy having from 1 to 7 carbon 
atoms, preferably n-alkoxy, particularly preferably 
n-alkoxy having from 2 to 5 carbon atoms, or alkenyl- 

1 5 oxy having from 2 to 7 carbon atoms, preferably 

having from 2 to 4 carbon atoms, 

Z 21 and Z 22 are each, independently of one another, -CH2-CH2-, 
-CH=CH-, -C=C-, -COO- or a single bond, preferably 
20 -CH2-CH2- or a single bond and particularly prefera- 

bly a single bond, 



yA^y and 

25 ~V^/~ are each, independently of one another, 



30 



35 





preferably 



and, if present, 



L 21 and L 22 are both C-F or one of the two is N and the other is 
C-F, preferably both are C-F, and 

m is 0 or 1 , 

~^y~ and 

A^— are each, independently of one and 
another, as defined above for 




respectively in the case of the formula II, 

Z 3 is -CH2-CH2-, -CH=CH- -C=C- -COO- or a single 

bond, preferably -CH 2 -CH 2 - or a single bond and par- 
ticularly preferably a single bond, 

R 31 and R 32 are each, independently of one another, alkyl having 
from 1 to 7 carbon atoms, preferably n-alkyl and par- 
ticularly preferably n-alkyl having from 1 to 5 carbon 
atoms, alkoxy having from 1 to 7 carbon atoms, pref- 
erably n-alkoxy and particularly preferably n-alkoxy 
having from 2 to 5 carbon atoms, or alkenyloxy hav- 
ing from 2 to 7 carbon atoms, preferably having from 
2 to 4 carbon atoms, and 

I is 1 or 2, 



and optionally 
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c) a dielectrically neutral component (component C) which comprises 
one or more dielectrically neutral compound(s) of the formula IV 



5 




in which 

R 41 and R 42 are each, independently of one another, as defined 
above for R 21 in the case of the formula II, 

Z 41 , Z 42 and Z 43 are each, independently of one another, -CH 2 CH 2 -, 
-CH=CH-, -COO- or a single bond, 




35 



o and p, independently of one another, are 0 or 1 , 

but preferably 
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10 



15 



20 



R 41 and R 42 are each, independently of one another, alkyl or 

alkoxy having 1-5 carbon atoms or alkenyl having 2-5 
carbon atoms, 




;a 42N 




.A 43 )- and 




are each, independently of one another, 






0>— , — (0>— or -<o 
F F 

and very particularly preferably at least two of these rings are 
'o s ) — . — and/or 

F 




where two adjacent rings are very particularly preferably linked 
25 directly, preferably 





or — ( >~ ( O 



3 q and optionally 

d) one or more dielectrically positive compound(s) of the formula V 



35 
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15 



20 



25 



30 



35 



F 

Y 5 

in which 

R 5 is alkyl or alkoxy having from 1 to 7 carbon atoms, 

or alkoxyalkyl, alkenyl or alkenyloxy having from 2 
to 7 carbon atoms, 

Z 51 , Z 52 and Z 53 are each, independently of one another, 

-CH2-CH2-, -CH=CH- -OC-, -COO- or a single 
bond, 




vA 52 >-and 






A 53 )— are each, independently of one another, 



r r 

^C°^' °' 



X* is F, OCF 2 H or OCF 3 , and 

Y 5 is H or F, preferably F in the case where X = F or 

OCF 2 H, and 

q and r are each, independently of one another, 0 or 1 . 

In a further preferred embodiment, the medium comprises one or 
more dielectrically negative compounds of the formula VI 



-11 - 



.61 




VI 



in which 



R 61 and R 62 



are alkyl having from 1 to 7 carbon atoms, preferably 
n-alkyl and particularly preferably n-alkyl having from 
1 to 5 carbon atoms, alkoxy having from 1 to 7 car- 
bon atoms, preferably n-alkoxy and particularly pref- 
erably n-alkoxy having from 2 to 5 carbon atoms, or 
alkenyloxy having from 2 to 7 carbon atoms, prefera- 
bly having from 2 to 4 carbon atoms, very particularly 
preferably both are n-alkoxy having from 1 to 5 car- 
bon atoms, 



is as defined above for Z 21 in the case of the formula 



L 61 and L 62 



are both C-F or one of the two is N and the other is 
C-F, and 



L 63 and L 64 



are both C-F or one of the two is N and the other is 
C-F. 



In a further preferred embodiment, the medium comprises one or 
more dielectrically negative compounds of the formula VII 




VII 



in which 
R 71 and R 72 



are alkyl having from 1 to 7 carbon atoms, preferably 
n-alkyl and particularly preferably n-alkyl having from 
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1 to 5 carbon atoms, alkoxy having from 1 to 7 car- 
bon atoms, preferably n-alkoxy and particularly pref- 
erably n-alkoxy having from 2 to 5 carbon atoms, or 
alkenyloxy having from 2 to 7 carbon atoms, prefera- 
bly having from 2 to 4 carbon atoms, very particularly 
preferably both are n-alkoxy having from 1 to 5 car- 
bon atoms, and 



10 



L 71 and L 72 



are both C-F or one of the two is N and the other is 
C-F. 



15 



Component A preferably consists predominantly, particularly preferably 
consists essentially completely and very particularly preferably consists 
virtually completely, of one or more compounds of the formula I. These 
compounds of the formula I are preferably selected from the group con- 
sisting of the compounds of the formulae 1-1 to I-8 



20 



25 



30 



35 




F F 




F F 




F F 




F F 



,12 



F F 



1-1 



I-2 



I-3 



I-4 



I-5 



EM99289_2.doc 



- 13 



10 




R 11 — < H W H \ O VR 12 



.12 




F F 



I-6 



I-7 



F F 




I-8 



F F 



in which 



15 



R , R and Z are each as defined above under the formula I. 



The compounds of the formula I are particularly preferably selected from 
the group consisting of the compounds of the following sixteen formulae 
1-1 a to l-8b 



20 




F F 



25 




F F 



30 




F F 




F F 



1-1 a 



1-1 b 



l-2a 



l-2b 



35 
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l-3a 



l-3b 



l-4a 



l-4b 



l-5a 



l-5b 



l-6a 



l-6b 



l-7a 



l-7b 



35 F F 
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10 




l-8a 



l-8b 



in which 



R 11 and R 12 are as defined above under the formula I, and R 11 is 
preferably alkyl having from 1 to 7 carbon atoms or 
alkenyl having from 2 to 7 carbon atoms, and R 12 is 
preferably alkoxy having from 1 to 7 carbon atoms or 
1 5 alkenyloxy having from 2 to 7 carbon atoms. 

The compounds are very particularly preferably selected from the group 
consisting of the compounds of the formulae 1-1 a, 1-1 b, l-2a, l-3a, l-4a, 
l-4b, l-5a, l-6a, l-6b and l-7a and in particular from the group consisting of 
20 the compounds of the formulae 1-1 b and l-7a. 

In the present application, in connection with the quoting of the constitu- 
ents of the compositions: 

- comprise means that the concentration of the relevant constituents in 
25 the composition is preferably 1 0% or more, particularly preferably 20% 

or more, 

- consist predominantly of means that the concentration of the relevant 
constituents in the composition is preferably 50% or more, particularly 
preferably 55% or more and very particularly preferably 60% or more, 

30 - consist essentially completely of means that the concentration of the 
relevant constituents in the composition is preferably 80% or more, 
particularly preferably 90% or more and very particularly preferably 
95% or more, and 

- consist virtually completely of means that the concentration of the rele- 
35 vant constituents in the composition is preferably 98% or more, par- 
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15 



20 



25 



30 



16 



ticularly preferably 99% or more and very particularly preferably 
100.0%. 

This applies both to the media as compositions with their constituents, 
which may be components and compounds, and to the components with 
their constituents, those of the compounds. 

The liquid-crystal media preferably comprise one or more compounds 
selected from the group consisting of the compounds of the formulae 1-1 , 
I-2 and I-4, particularly preferably of the formulae I-2 and/or I-4. 

Component B preferably consists predominantly, particularly preferably 
consists essentially completely and very particularly preferably consists 
virtually completely, of one or more compounds selected from the group 
consisting of the compounds of the formulae II and III. 

The compounds of the formula II are preferably selected from the group 
consisting of the compounds of the formulae 11-1 and II-3 



R 22 




R 21 ( H VK A^H-CO-O^T O VR 22 



m 




F F 




F F 



in which 

35 R 21 and R 22 are as defined above under the formula I, and preferably 
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R 21 is n-alkyl having from 1 to 7 carbon atoms, n-alkoxy having from 1 
to 7 carbon atoms or alkenyloxy having from 2 to 7 carbon atoms, 

R 22 is n-alkoxy having from 1 to 7 carbon atoms or alkenyloxy having 
5 from 2 to 7 carbon atoms, 

and in the formulae 12 and 13 is alternatively n-alkyl having from 1 
to 7 carbon atoms, 



in which 

10 




n is 0 or 1 . 

The compounds of the formula III are preferably selected from the group 
20 consisting of the compounds of the formulae 111-1 and III-2 



CN 




in which 

30 R 31 and R 32 are as defined above under the formula III and are pref- 

erably n-alkyl. 

The liquid-crystal media particularly preferably comprise one or more 
compounds selected from the group consisting of the compounds of the 
35 formulae 11-1 a to ll-1f 
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20 



35 




F F 




F F 



10 R 




O >— R' 



22 



F F 



15 ^'^MZy^-^^ 1 



,22 



F F 



CH 2 CH^ — < H 





ll-1a 



Mb 



11-1 c 



11-1 d 



11-1 e 



11-1 f 



25 

in which R 21 and R 22 are as defined above in the case of the formula II and 
are preferably as defined above in the case of the formula 11-1 . 

30 The liquid-crystal media particularly preferably comprise one or more 

compounds selected from the group consisting of the compounds of the 
formulae ll-2a to ll-2c 



R 21 — <^H~y~ COO — ^~Q~^— R 22 



ll-2a 



F F 
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R 2i -^y^^y- COO-^O^ R 22 



ll-2b 



10 



R 21 ^^^(^0^- COO-^T)- R 22 



ll-2c 



in which R 21 and R 22 are as defined above in the case of the formula II and 
are preferably as defined above in the case of the formula II-2. 



15 



The liquid-crystal media particularly preferably comprise one or more 
compounds of the formula ll-3a 



20 



R 21 -^0 



O/ /~o\ — /~o\ — R 22 



ll-3a 



in which R 21 and R 22 are as defined above in the case of the formula II and 
are preferably as defined above in the case of the formula II-3. 



25 



30 



Component C preferably consists predominantly, particularly preferably 
consists essentially completely and very particularly preferably consists 
virtually completely, of one or more compounds of the formula IV. These 
compounds of the formula IV are preferably selected from the group con- 
sisting of the compounds of the formulae IV-1 to IV-3 



R' 



41 




42 




i42 



IV-1 



35 



*41 



42 




,42 




43 1 



^42 



IV-2 
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,42 



IV-3 



in which R 41 , R 42 , Z 41 , Z 42 , —(fi^y— and — \^J— are each as 
correspondingly defined above in the case of the formula IV. 



10 



The liquid-crystal medium especially preferably comprises one or more 
compounds selected from the group consisting of the compounds of the 
formulae IV-1a to IV-1d, IV-1e, IV-2a to IV-2e and IV-3a to IV-3c 



15 



n "Cn H 2n + 1 



n " C n H 2n*1 





0-n-C m H 2m+1 



n-C m H 2m+1 



IV-1a 



IV-1b 



20 n " C n H 2n + 1 





> 



(CH 2 ) 0 -CH=CH 2 



IV-1c 



25 



CH 2 =CH-(CH 2 ), 



(CH 2 )-CH=CH 2 



IV-1d 



in which n and m are each, independently of one another, from 1 to 5, and 
o and p are each, independently thereof and one another, from 0 to 3, 



30 



,41 




O ) — R 



42 



IV-1e 



,41 




COO 




,42 



IV-2a 



35 
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in which R 41 and R 42 are each as defined above under the formula IV1 , and 
the phenyl rings may optionally be fluorinated, but not in such a way that 
the compounds are identical with those of the formula II and its sub-formu- 
lae. R 41 is preferably n-alkyl having from 1 to 5 carbon atoms, especially 
preferably having from 1 to 3 carbon atoms, and R 42 is preferably n-alkyl or 
n-alkoxy having from 1 to 5 carbon atoms or alkenyl having from 2 to 5 
carbon atoms. Of these, particular preference is given to compounds of 
the formulae IV1a to IV1d. 

Component D preferably consists predominantly, particularly preferably 
consists essentially completely and very particularly preferably consists 
virtually completely, of one or more compounds of the formula IV. These 
compounds of the formula IV are preferably selected from the group con- 
sisting of the compounds of the formulae V-1 to V-4 



15 



20 




,52 



52 




,53 




O 



V-1 




,52 



52 




,53 




O 



OCF, 



V-2 



25 



30 



35 






Z^A^V-Z 53 




Z 52 -( A^V-Z 53 




V-3 



V-4 
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in which R 5 , Z 52 , Z 53 and — are as defined above for the 



formula I, but preferably 

5 

R 5 is alkyl having 1 -7 carbon atoms or alkenyl having 2-7 carbon 

atoms, preferably vinyl or 1 E alkenyl, 

one of 

1 0 Z 52 and Z 53 is a single bond and the other is -CH 2 CH 2 -, -COO- or a single 

bond, and 



15 



52> 



IS 





O 
> 
O 




)-.-AO)-or -\0 




20 



In a preferred embodiment, the medium comprises one or more com- 
pounds of the formula VI, preferably selected from the group consisting of 
the compounds of the formulae VI-1 to VI-4 



25 



30 



35 




F F 




F F F F 




F F F 




VI-1 



VI-2 



VI-3 



VI-4 



in which R 61 and R 62 are as defined above in the case of the formula VI. 
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15 



20 



25 




In a preferred embodiment, the medium comprises one or more com- 
pounds of the formula VII, preferably from the group consisting of the 
formula VII-1 



VII-1 



in which 

R 71 and R 72 are as defined above in the case of the formula VII. 

In a preferred embodiment, the liquid-crystal media according to the inven- 
tion comprise in total, based on the mixture as a whole, 

from 5% to 85%, preferably from 10% to 55% and particularly preferably 
from 15% to 40%, of component A, preferably of compounds of the formula 
I, 

from 5% to 85%, preferably from 10% to 85%, particularly preferably from 
20% to 80% and very particularly preferably from 40% to 75%, of compo- 
nent B, preferably of compounds of the formulae II and III, where the ratio 
of the concentrations of compounds II and III is preferably greater than or 
equal to 2:1 , particularly preferably greater than or equal to 3:1 and very 
particularly preferably greater than or equal to 4:1 , 



from 0% to 50%, preferably from 0% to 40%, particularly preferably from 
3Q 0% to 30% and very particularly preferably from 5% to 25%, of component 
C, preferably of compounds of the formula IV, and 



35 



from 0% to 40%, preferably from 0% to 30%, particularly preferably from 
0% to 20% and very particularly preferably from 1% to 15%, of component 
D, preferably of compounds of the formula IV. 
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Here, as throughout the present application, the term compounds, also 
written as compound(s), means both one and a plurality of compounds, 
unless explicitly stated otherwise. 

5 The individual compounds are employed here in concentrations of in each 
case from 1 % to 30%, preferably from 2% to 30% and particularly prefera- 
bly from 4% to 16%. An exception is formed here by compounds having 
three phenyl rings and compounds having four six-membered rings. These 
compounds are employed in concentrations of in each case from 0.5% to 

1 0 1 5%, preferably from 1 % to 1 0% and particularly preferably from 1 % to 

8%, per individual compound. In the case of the compounds of the formula 
I in which n = 0, the preferred limits to the concentrations for the proportion 
of the individual compounds in the medium are from 1% to 20%, preferably 
from 2% to 15% and particularly preferably from 5% to 8%. In the case of 

15 the compounds of the formula I in which n = 1 , the preferred limits to the 
concentrations for the proportion of the individual compounds in the 
medium are from 1% to 30%, preferably from 2% to 20% and particularly 
preferably from 8% to 12%. 

20 in a preferred embodiment, the liquid-crystal media especially preferably 
comprise in total 

from 10% to 40% of compounds of the formula I, 
from 50% to 90% of compounds of the formulae II and III, 
25 from 0% to 40% of compounds of the formula IV, and 
from 0% to 20% of compounds of the formula V. 

In this embodiment, the liquid-crystal media very particularly preferably 
comprise in total 

30 

from 15% to 35% of compounds of the formula I, 
from 60% to 80% of compounds of the formula II and III, 
from 0% to 20% of compounds of the formula IV, and 
from 0% to 5% of compounds of the formula V. 



35 
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In a particularly preferred embodiment, which may be identical and pref- 
erably is identical with the preferred embodiments described above for the 
preferred concentration ranges, the liquid-crystal media comprise: 

5 • one or more compounds of the formula I, preferably selected from 

the group consisting of the compounds of the formulae 1-1 b and 
l-7a, preferably in which R 11 is n-alkyl and R 12 is alkoxy, and 

• one or more compounds of the formula 11-1 , preferably 

1 0 - one or more compounds of the formula 11-1 a, and/or, preferably and, 

- one or more compounds of the formula 11-1 c, and/or, preferably and, 

• one or more compounds of the formulae 111-1 , and/or, preferably 
and, 

^ 5 • one or more compounds selected from the group consisting of the 

compounds of the formulae IV-1 to IV-4, preferably 

- one or more compounds formula IV-1 selected from the group con- 
sisting of the compounds of the formulae IV-1 a to IV-1d, very par- 
ticularly preferably selected from the group consisting of the 

20 formulae V-1 c and IV-1 d and in particular of the formula IV-1 c, 

and/or, preferably and, 

- one or more compounds of the formula IV-2c and/or IV-2e, and/or, 
preferably and, 

25 - one or more compounds of the formula IV-3c and/or IV-3d, and/or, 

preferably and, 

- one or more compounds of the formula IV4, and/or 

• one or more compounds selected from the group consisting of the 
compounds of the formulae V to VII. 

30 

Particular preference is given here to liquid-crystal media which comprise 

- one or more compounds of the formula I, preferably selected from the 
35 group consisting of the compounds of the formulae 1-1 b and l-7a, prefer- 
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ably in which R 11 is n-alkyl and R 12 is alkoxy, and in particular in each 
case in concentrations of from 6% to 20% per compound, and/or 

- one or more compounds of the formula 11-1 a, in particular in each case 
5 in concentrations of from 4% to 18% per compound, and/or 

- one or more compounds of the formula 11-1 c, in particular in each case 
in concentrations of from 3% to 15% per compound, preferably in each 
case one or more compounds in which R 21 is alkyl having from 1 to 3 

10 carbon atoms and R 22 is alkoxy having from 1 to 3 carbon atoms, and in 

which R 23 is alkyl having from 1 to 3 carbon atoms and R 32 is alkyl hav- 
ing from 1 to 3 carbon atoms, and/or 

- one or more compounds of the formulae IV1 , preferably of the formulae 
15 IV-1 b and/or IV-1c. 

These media may, if desired, comprise one or more compounds selected 
from the group consisting of the compounds of the formulae V-1 to V-4. 

20 The liquid-crystal media according to the invention preferably have nema- 
tic phases of in each case at least from -20°C to 70°C, particularly pref- 
erably from -30°C to 80°C, very particularly preferably from -40°C to 80°C 
and most preferably from -40°C to 105°C. 

25 The term "have a nematic phase" here means firstly that no smectic phase 
and no crystallisation is observed at low temperatures at the correspond- 
ing temperature and secondly also that no clearing occurs on heating from 
the nematic phase. The investigation at low temperatures is carried out in 
a flow viscometer at the corresponding temperature and checked by stor- 

30 age for at least 100 hours in test cells having a layer thickness corre- 
sponding to the electro-optical application. At high temperatures, the 
clearing point is measured in capillaries by conventional methods. 

Furthermore, the liquid-crystal media according to the invention are char- 
35 acterised by relatively low optical anisotropy values. The birefringence 

values are preferably in the range from 0.060 to 0.150, particularly prefer- 
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ably in the range from 0.070 to 0.120 and very particularly preferably in 
the range from 0.070 to 0.1 10. 

In addition, the liquid-crystal media according to the invention have low 
5 values for the threshold voltage (V 0 ) of less than or equal to 2.2 V, pref- 
erably less than or equal to 2.0 V, particularly preferably less than or equal 
to 1 .9 V and very particularly preferably less than or equal to 1 .85 V. In a 
particularly preferred embodiment, the liquid-crystal media according to 
the invention have values for the threshold voltage which are less than or 
10 equal to 1.5 V. 

These preferred values for the individual physical properties are also 
observed in each case in combination with one another. 

1 5 Independently of the above-mentioned dimensioning limits for the com- 
pounds of the formulae I, II and III, compounds of the formulae I and II are 
employed in the liquid-crystal media in accordance with the present appli- 
cation in a concentration of up to about 25% per individual substance, and 
compounds of the formula III are employed in a concentration of up to 

20 about 20%, preferably up to 16%, per individual substance. Compounds of 
the formula 1-1 are preferably employed in concentrations of up to about 
20%, preferably up to 15%, per individual substance. 

In the present application, "<" means less than or equal to, preferably less 
25 than, and "> M means greater than or equal to, preferably greater than. 



In the present application, 




denote trans-1 ,4-cyclohexylene. 



In the present application, the term dielectrically positive compounds 
means compounds having a As > 1.5, dielectrically neutral compounds 
means those in which -1 .5 < Ae < 1 .5, and dielectrically negative com- 
35 pounds means those having Ae < -1 .5. The dielectric anisotropy of the 

compounds is determined here by dissolving 10% of the compounds in a 



EM99289_2.doc 



-29- 



liquid-crystalline host and determining the capacitance of this mixture at 
1 kHz in at least one test cell having a thickness of 20 \jm with a homeo- 
tropic surface alignment and in at least one test cell having a thickness of 
20 pm with a homogeneous surface alignment. The measurement voltage 
5 is typically from 0.5 V to 1 .0 V, but is always less than the capacitive 
threshold of the respective liquid-crystal mixture. 

The host mixture used for dielectrically positive and dielectrically neutral 
compounds is ZLI-4792 and the host mixture used for dielectrically nega- 
10 tive compounds is ZLI-2857, both from Merck KGaA, Germany. The 

change in the dielectric constants of the host mixture after addition of the 
compound to be investigated and extrapolation to 1 00% of the compound 
employed gives the values for the respective compounds to be investi- 
gated. 

15 

The term threshold voltage usually relates to the optical threshold for 10% 
relative contrast (V 10 ), unless explicitly stated otherwise. 

In relation to the liquid-crystal mixtures of negative dielectric anisotropy, 
20 however, the term threshold voltage in the present application is used for 
the capacitive threshold voltage (V 0 ), also known as the Freedericksz 
threshold, unless explicitly stated otherwise. 

All concentrations in this application, unless explicitly stated otherwise, are 
25 given in per cent by weight and relate to the corresponding mixture or 

mixture component. All physical properties are and have been determined 
in accordance with "Merck Liquid Crystals, Physical Properties of Liquid 
Crystals 1 ', status Nov. 1997, Merck KGaA, Germany, and apply to a tem- 
perature of 20°C, unless explicitly stated otherwise. An is determined at 
30 589 nm and Ae at 1 kHz. 

In the case of the liquid-crystal media of negative dielectric anisotropy, the 
threshold voltage was determined as the capacitive threshold V 0 (also 
known as the Freedericksz threshold) in test cells produced at Merck 
35 KGaA, Germany, with a liquid crystal aligned homeotropically by means of 
lecithin. 
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The liquid-crystal media according to the invention may, if necessary, also 
comprise further additives and chiral dopants in the conventional amounts. 
The amount of these additives employed is in total from 0% to 10%, based 
5 on the amount of the mixture as a whole, preferably from 0.1 % to 6%. The 
concentrations of the individual compounds employed is preferably from 
0.1% to 3%. The concentration of these and similar additives is not taken 
into account when indicating the concentrations and the concentration 
ranges of the liquid-crystal compounds in the liquid-crystal media. 

10 

The compositions consist of a plurality of compounds, preferably from 3 to 
30, particularly preferably from 6 to 20 and very particularly preferably 
from 10 to 16 compounds, which are mixed in a conventional manner. In 
general, the desired amount of the components used in smaller amount is 

15 dissolved in the components making up the principal constituent, advanta- 
geously at elevated temperature. If the selected temperature is above the 
clearing point of the principal constituent, the completion of the dissolution 
process is particularly easy to observe. However, it is also possible to pre- 
pare the liquid-crystal mixtures in other conventional ways, for example 

20 using premixes or from a so-called "multibottle system". 



By means of suitable additives, the liquid-crystal phases according to the 
invention can be modified in such a way that they can be employed in any 
type of ECB, VAN, IPS, GH or ASM-PA LCD display that has been dis- 
25 closed hitherto. 



The examples below serve to illustrate the invention without representing 
a limitation. In the examples, the melting point T (C,N), the transition from 
the smectic (S) phase to the nematic (N) phase T(S,N) and the clearing 
30 point T (N,l) of a liquid-crystal substance are indicated in degrees Celsius. 

Unless indicated otherwise, all percentages above and below are per cent 
by weight and physical properties are the values at 20°C, unless explicitly 
stated otherwise. 



35 
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All the indicated values for temperatures in this application are°C and all 
temperature differences are correspondingly differential degrees, unless 
explicitly stated otherwise. 

In the present application and in the examples below, the structures of the 
liquid-crystal compounds are indicated by means of acronyms, the trans- 
formation into chemical formulae taking place in accordance with Tables A 
and B below. All radicals C n H 2n+ i and CmhWi are straight-chain alkyl radi- 
cals having n and m carbon atoms respectively. The coding in Table B is 
self-evident. In Table A, only the acronym for the parent structure is indi- 
cated. In individual cases, the acronym for the parent structure is followed, 
separated by a hyphen, by a code for the substituents Ri, R2, l_2 and l_2: 

15 



20 



25 



30 




35 
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Code for Ri, 


Ri 


R2 


U 


l_2 


1 3 
L 




R2, U, L2, L3 












5 


nm 


C n H2n+1 


C m H2m+1 


H 


H 


H 




nOm 


C n H2n+l 


OC m H 2m+1 


H 


H 


H 




nO.m 


OC n H2n+1 


C m H2m+1 


H 


H 


H 




nmFF 


C n H2n+l 


C m H2m+1 


H 


F 


F 




nmOFF 


C n H2n+1 


OC m H2m+1 


H 


F 


F 


10 


n 


C n H2n+1 


CN 


H 


H 


H 




nN.F 


C n H2n+l 


CN 


F 


H 


H 




nN.F.F 


C n H2n+1 


CN 


F 


F 


H 




nF 


C n H 2n +i 


F 


H 


H 


H 


15 


nF.F 


C n H2n+l 


F 


F 


H 


H 




nF.F.F 


C n H2n+l 


F 


F 


F 


H 




nOF 


OC n H2n+1 


F 


H 


H 


H 




nCI 


C n H2n+1 


CI 


H 


H 


H 


20 


nCI.F 


C n H2n+1 


CI 


F 


H 


H 


nCI.F.F 


C n H 2 n+i 


CI 


F 


F 


H 




nCF 3 


C n H2n+1 


CF 3 


H 


H 


H 




nCF 3 .F 


C n H2n+1 


CF 3 


F 


H 


H 




nCF 3 .F.F 


C n H 2n +i 


CF 3 


F 


F 


H 


25 


nOCF 3 


C n H 2n+ i 


OCF 3 


H 


H 


H 




nOCF 3 .F 


C n H2n+l 


OCF 3 


F 


H 


H 




nOCF 3 .F.F 


C n H2n+l 


OCF 3 


F 


F 


H 




nOCF 2 


C n H2n+1 


OCHF 2 


H 


H 


H 


ou 


nOCF 2 .F 


C n H2n+l 


OCHF2 


F 


H 


H 


nOCF 2 .F.F 


C n H2n+1 


OCHF2 


F 


F 


H 




nS 


C n H 2n +i 


NCS 


H 


H 


H 




nS.F 


C n H 2n +i 


NCS 


F 


H 


H 




nS.F.F 




NCS 


F 


F 


H 


35 


rVsN 


C r H2r+l-CH = CH-C s H2s" 


CN 


H 


H 


H 




rEsN 


C r H2r+l -0-C s H2s" 


CN 


H 


H 


H 
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Table A 





PCH 



EPCH 



10 





BCH 



CCP 



15 R 1 




R 1 




C 2 H 4 



CECP 



ECCP 



20 




BECH 



EBCH 



25 



o hcEcnV)- 

L 2 



R 2 R 1 




o >-c — c 



30 



PTP 



CPTP 



R 1 





C 2 H 4 — { O ) C-C ( O >-R^ 



35 




CEPTP 
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Table B: 



C n H 2n+1 




COO 




O >-X C n H 2n+1 
F 




F 

o^>-x 

F 




10 



15 



20 



25 



30 



CCZU-n-X 

(X = F, CI or OCF 3 ) 



CDU-n-X 

(X = F, CI or OCF 3 ) 




C„H 2n+1 — < O 



K3n 



O >— CN 




c n H 2n+1 -°— \o >--; 0 )— CN 

M3n 



CnH^,— ^^-CH 2 CH 2 ^<^-CN Cn H 2n+1 ^(°)^°)— CN 



G3n 



T3n 





C n H 2lHl — < >~C 2 H 4 — < O ^ O 



Inm 



C m H 2m+1 



C n H 2n+1 




o >— X 



C n H 2n»1 



BCH-n.FX 

(X = F, CI or OCF3) 

C-nm 




35 
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15 



20 



25 



36 



CH 3 CH 3 




"2m+1 



C 2 H 5 -CH-CH 2 <^Oj — \2s CN C 2 H 5 -CH-CH 2 -0- \ O > — < O )— CN 

CB15 C15 

CN CN 

CCN - nm NCB-nm 

C n H 2n+1 — (^y~^yCH 2 CH 2 — <Q>— ^^-C m H 2 

CCEPC-nm 



C„H 2n+1 — < W >-COO— < O W >-C m H 2m+1 



CCPC-nm 

C n H 2nt1 ^^-<(^V-COO— ■ ^ >-C m H 2m ^ 
CH-nm 

HD-nm 



C n H 2n+1 — < W O >-COO^ >-C m H 2m+1 









30 HH-nm 



35 



C n H 2n+1 — <^>-COO — <^)-C m H 2m+1 
OS-nm 
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30 



37 



C 2 H s — \ f-COO — (^OJ — (^OJ-CN 
CHE 

(F) 

BCH-nmF 

C n H 2n+1 

(F) 

CBC-nm(F) 
ECBC-nm 

20 C n H 2n+1 — <^>-C 2 H 4 — <^-C m H 2m+1 C n H 2n+1 — <^>— <^>-CH 2 0-C m H 2m+1 
ECCH-nm CCH-n1Em 



25 



35 



F F 

T-nFX B-nO.FX 

(X = F, CI or OCF 3 ) (X = F, CI or OCF 3 ) 

F F F F 

PGIGI-n-X GGP-n-X 

(X = F, CI or OCF3) (X = F, CI or OCF 3 ) 
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CCP-V-n 



ch 2 =ch)— (CH 2 ) n -^y-(^y-{^y- °. 

CCP-Vn-m 
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H 2 C = CH 




CPP-V-m 



C n H 2n*1 




CPP-nV-m 



1 0 CH 2 =CH- (CH 2 ) n -^y~-(°)—(°y- c m H 2m+ i 



CPP-Vn-m 



15 Cnh2n+1 




CH=CH n 



CC-n-V 



C n H 2n+1 




CH-CH-C m H 2m+1 



20 



CC-n-Vm 



^n H 2n+1 




(CH 2 )-CH=CH 2 



25 



CC-n-mV 



H 2 C=CH 




CH=CH, 



30 



cc-v-v 




CH,=CH— { >-< >— (CH 2 )— CH=CH 2 



35 



CC-V-Vn 
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30 



35 




C n H 2n+1 -CH=CH — { y KCH=CH-C m H 2m+1 
CC-nV-Vm 

5 

CH 2 -CH -(^y~ (3^(CH 2 ) m -CH=CH 2 
CC-V-nV 

10 CH 2 =CH-(CH 2 ) n -^)^]^( CH 2)m-CH=CH 2 
CC-Vn-mV 

C n H 2n+1 -CH=CH h(3~0^ (CH ^- CH=CH 2 
1 5 CC-nV-Vm 

C„H 2 ^— (3^^— (°) C m H 2m+1 
F F 

20 PCH-n(0)mFF 

c n H 2n+1 -H^H^>^o^(0)C m H 2m+1 

F F 

25 CCP-n(0)mFF 



C n H 2n+1 Q -h^J^J^O^- 0C m H 2m+1 

F F 

CCY-nO-Om 



F F 

CCY-VO-(0)m 
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CH 2 =CH-(CH 2 )-0-<^J^Jk-^0^- (0)C m H 2m+1 

F F 

CCY-VnO-(0)m 

F F 

CPY-n-(0)m 

c n H 2n .rO ^O^®^^^ - (°)- c m H 2 m+ i 

F F 

CPY-nO-(0)m 



CH 2 =CH ^>"\0^-^>- (0)C m H 2m+1 

F F 

20 CPY-V-(0)m 

ch 2 =ch-o -^y^y^^- (0 )c m H 2m+1 

F F 

25 CPY-VO-(0)m 

CH 2 =CH-(CH 2 ) n --(^yH^ (0)C m H 2m+1 

F F 

30 CPY-Vn-(0)m 

CH 2 =CH-(CH 2 ) — 0-^(3^®^^~ <°> C " H 2m + i 

F F 

35 

CPY-VnO-(0)m 
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15 



-\j-\J^-<^^(0)C m H 2m+ , 
F F 

CLY-n-(0)m 

5 

C n H 2n+r O -0^0~^^~ (°) C mH 2m+1 

F F 

10 CLY-nO-(0)m 

C n H 2n+1 ^])^Q^^-(0)C m H 2m+1 

F F F 

CFY-n-(0)m 



C nH 2n+1 -0 -<^j~\^y^ (0)C m H 2m+1 

F F F 

CFY-nO-(0)m 



20 



C n H 2n+1 ^O^O^)— (0 )-C m H 2m+1 
F F F F 
25 YY-n-(0)m 

C n H 2n+1 -0 0-C m H 2m+1 
F F F F 
30 YY-nO-Om 

C„H 2n+1 -^)-OF T O (O) -C m H 2m+1 

F F 

35 CQY-n-(0)m 
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10 



15 



Cn H 2n+l 




CF 



(0)-C m H 5 



2 ^ \ — / \*~*t — m ' *2m+1 

F F 



CCQY-n-(0)m 



c„H 2n+r ^]^E^ 0 " CF 2"~^ -c m H 2m+1 



CPQIY-n-(0)m 




CF— O- 



CQPY-n-(0)m 



C n H 2n+1 -< O 




CF— O- 



F F 







"(0)-C m H 2m+1 




F F 








-<0>— C m H 2m+1 



20 PQPY-n-(0)m 

Examples 



25 



30 



The following examples are intended to explain the invention without rep- 
resenting a limitation. Above and below, percentages are per cent by 
weight. All temperatures are indicated in degrees Celsius. An denotes opti- 
cal anisotropy (589 nm, 20°C), Ae denotes the dielectric anisotropy (1 kHz, 
20°C), H.R. denotes the voltage holding ratio (at 100°C, after 5 minutes in 
the oven, 1 V), and V 0 , the threshold voltage, was determined at 20°C. 



35 
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Compound/ 

cJUUi fcJVIdllUl 1 


Concentration 

/ 0/* K\/ \A/oinht 
/ /o uy wtsiyi u 


Physical properties 


CPQIY-3-02 


10.0 


T(N,I) 




A AC C 

10O.O 




CPQIY-3-04 


10.0 


n e (20 u, ooy nm) 




1 .DoZZ 




CPQIY-5-04 


10.0 


An (20 o, ooy nm) 




r\ a r\c\ a 
0.1 UU1 




PCH-304FF 


9.0 


/OAO/^ 4 1 ,|_J_\ 

s ± (20 C, 1 kHz) 




Q O 

o.o 




PCH-504FF 


9.0 


As (20°C, 1 kHz) 




-4.6 




CCP-202FF 


4.0 


Yi (20°C) 




271 


mPa s 


CCP-302FF 


6.0 


tstore (-40°C) 


> 


1000 


h 


CCP-502FF 


6.0 


VHR (5 min, 100°C) 




89 


% 


CCP-21FF 


7.0 


V 0 (20°C) 




2.25 


V 


CCP-31FF 


10.0 










CCP-V-1 


9.0 










CC-3-V1 

E 


10.0 
100.0 











10 



15 



20 



25 



The liquid-crystal medium is introduced into a VA display with TFT addres- 
sing. This display is distinguished, in particular, by the fact that it can be 
employed in a very large temperature range, as required for so-called 
broad range applications, for example in mobile telephones and in naviga- 
tion systems. 



30 



35 
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10 



15 



Compound/ 

dUUI CvldllUI 1 


Concentration 

/ °/n hv \A/<^inht 
/ /□ uy wciyi ii 


Physical properties 


CPQIY-3-02 


10.0 


T(N,I) 




71 .5 




CPQIY-3-04 


6.0 


n e (20°C, 589 nm) 


= 


1 .5773 




CPQIY-5-04 


8.0 


An (20°C, 589 nm) 




0.0947 




D-302FF 


20.0 


s x (20°C, 1 kHz) 




11.7 




D-502FF 


20.0 


Ae (20°C, 1 kHz) 




-7.5 




PCH-502FF 


14.0 


Yi (20°C) 




268 


mPa s 


PCH-504FF 


11.0 


tstore (-20°C) 


> 


1000 


h 


CCP-302FF 


5.0 


We (^0°C) 


> 


500 


h 


CCP-502FF 

E 


6.0 
100.0 


V 0 (20°C) 




1.45 


V 



20 As in Example 1 , the liquid-crystal medium is introduced into a display with 
TFT addressing, but here into an IPS display. This display is distin- 
guished, in particular, by a very low addressing voltage. 



25 



30 



35 
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Example 3 





Compound/ 

dUUl CV ICKIUI 1 


Concentration 

/ % wf^ifiht 
# /o k^y wc7 1 y i ii 


Physical properties 


5 


CPQIY-3-04 


8.0 


T(N,I) 




-7 a r\ 
fl.U 






CPQIY-5-04 


8.0 


m /oi"io^ cof\ _- L _- L - L \ 

n e (20 C, 589 nm) 




A C700 

1 .5788 






CCQY-5-02 


5.3 


An (20 u, 589 nm) 




(J.IUUY 




10 


PCH-304FF 


19.0 


b ± (20°C, 1 kHz) 


= 


8.5 






PCH-502FF 


9.0 


Ae (20°C, 1 kHz) 




-4.4 






PCH-504FF 


14.0 


Yi (20°C) 




219 


mPas 




CCP-302FF 


13.7 


k, (20°C) 




11.8 


pN 


15 


BCH-32 


8.0 


k^ka (20°C) 




1.24 






CC-5-V 


3.0 


Ure (-30X) 


> 


1000 


h 




CC-3-V1 


8.0 


We (-40X) 


> 


1000 


h 


20 


PGIGI-3-F 

Z 


4.0 
100.0 


V 0 (20°C) 




1.92 


V 



As in Example 1 , the liquid-crystal medium is introduced into a VA display 
with TFT addressing. 
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Example 4 





Compound/ 

dUUl t; V IcHIUI 1 


Concentration 

/ 0/» K\/ \a/oi n ht 
/ /o uy wtJiyiu 


Physical properties 


5 


CCQY-5-02 


7.0 


T(N,I) 




99.0 






PCH-304FF 


12.0 


n e (20 u, 589 nm) 




1 .5825 






PCH-502FF 


9.0 


An (20 u, 589 nm) 




0.1003 




10 


PCH-504FF 


13.0 


e x (20°C, 1 kHz) 


= 


8.1 






CCP-302FF 


11.0 


As (20°C, 1 kHz) 




-4.4 






CCP-502FF 


9.0 


Yi (20°C) 




266 


mPas 




CCP-21FF 


7.0 


k, (20°C) 




16.7 


pN 


15 


CCP-31FF 


11.0 


k,/l<3 (20°C) 




1.13 






BCH-32 


8.0 


We (-30°C) 


> 


1000 


h 




CCP-V-1 


10.0 


We (-40°C) 


> 


300 


h 


20 


CC-3-V1 


3.0 
100.0 


V 0 (20°C) 




2.21 


V 



As in Example 1, the liquid-crystal medium is introduced into a VA display 
with TFT addressing. This display is distinguished, in particular, by the fact 
that it can be employed in a very large temperature range, as required for 
so-called broad range applications, for example in mobile telephones and 
in navigation systems. 
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Example 5 



Compound/ 
aDDreviaiion 


Concentration 

/ /o uy wciyi u 


Physical properties 


CPQIY-3-04 


10.0 


T(N,I) 




/ U.D 




CPQIY-5-04 


10.0 


n e (20 C, 589 nm) 




■1 C7BC 

1 .Of bo 




PCH-304FF 


17.0 


An (20°C, 589 nm) 




0.0993 




PCH-502FF 


9.0 


e x (20°C, 1 kHz) 




8.1 




PCH-504FF 


14.0 


Ae (20°C, 1 kHz) 




-4.2 




CPY-2-02 


7.0 


Yi (20°C) 




187 


mPa s 


CPY-3-02 


7.0 


k! (20°C) 




11.5 


pN 


CCP-V-1 


; 12.0 


ki/ka (20°C) 




1.24 




CCH-35 


5.0 


tstore (-30X) 


> 


1000 


h 


CC-3-V1 


9.0 


tstore (-40°C) 


> 


300 


h 




100.0 


V 0 (20°C) 




1.95 


V 



As in Example 1, the liquid-crystal medium is introduced into a VA display 
with TFT addressing. 
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Compound/ 
aDDreviaiion 


Concentration 

/ /o uy WtJlyiU 


Physical properties 


PQPY-5-04 


14.0 


T(N,I) 




71 .0 


o 


PCH-304FF 


16.0 


n e (20 C, 589 nm) 




A CO 4 o 

1 .5812 




PCH-502FF 


12.0 


An (20 C, 589 nm) 




0.1023 




PCH-504FF 


3.0 


6_l (20°C, 1 kHz) 




6.9 




CPY-2-02 


7.0 


Ae (20°C, 1 kHz) 


= 


-3.3 




CPY-3-02 


7.0 


Yi (20°C) 




108 


mPa s 


CCP-V-1 


4.0 


t store (-30°C) 


> 


1000 


h 


BCH-32 


7.0 


We (-40X) 


> 


1000 


h 


CCH-35 


5.0 


V 0 (20°C) 




2.10 


V 


CC-3-V 


4.0 










CC-5-V 


11.0 










CC-3-V1 

Z 


10.0 
100.0 











10 



15 



20 



As in Example 1 , the liquid-crystal medium is introduced into a VA display 
25 with TFT addressing. This display exhibits, in particular, very short 
response times. 
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Compound/ 
ahhrpx/iation 

auui c v lauui i 


Concentration 
/ % bv weiaht 


Physical properties 


PQPY-5-1 


10.0 


I (N,l) 




70 n 


op 


PCH-304FF 


18.0 


n e ^u u, ooy nmj 




i .ooyu 




PCH-502FF 


12.0 


An (^u ooy nm; 








PCH-504FF 


4.0 


8x (^u u, 1 kHz) 




o.y 




CCP-31 FF 


6.0 


As (ZU 1 KnZ) 




-O.O 




CPY-2-02 


4.0 


Yi (20°C) 


= 


112 


mPas 


CPY-V-02 


10.0 


tstore (-30°C) 


> 


1000 


h 


CCP-V-1 


7.0 


We (-40°C) 


> 


1000 


h 


CCP-V2-1 


3.0 


V 0 (20°C) 




2.14 


V 


BCH-32 


6.0 










CC-3-V 


9.0 










CC-3-2V 


6.0 










CC-3-V1 


5.0 
100.0 











10 



15 



20 



25 As in Example 1, the liquid-crystal medium is introduced into a VA display 
with TFT addressing. This display exhibits, in particular, very short 
response times. 
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Example 8 





Compound/ 

dUL/i cv loll wi i 


Concentration 

i /o uy w c i y 1 11 


Physical properties 


5 


PQPY-5-02 


20.0 


T(N,I) 




ob.o 






PCH-304FF 


14.0 


n e (^u u, ooy nmj 




A coon 






PCH-502FF 


10.0 


An (^u U, ooy nm) 




u. 1 1 uy 




10 


PCH-504FF 


13.0 


e ± (20°C, 1 kHz) 


= 


9.0 






CCP-302FF 


9.0 


As (20°C, 1 kHz) 




-5.1 






CCP-502FF 


8.0 


Yi (20°C) 




239 


mPa-s 




CCP-21FF 


3.0 


tstore (-20°C) 


> 


1000 


h 


15 


CCP-31FF 


6.0 


tstore (-30°C) 


> 


900 


h 




BCH-32 


6.0 


tstore (-40°C) 


> 


600 


h 




CCP-V-1 


7.0 


V 0 (20°C) 




1.90 


V 


20 


CC-3-V1 

E 


5.0 
100.0 











As in Example 1 , the liquid-crystal medium is introduced into a VA display 
with TFT addressing. This display is distinguished, in particular, by the fact 
that it can be employed in a large temperature range and a low addressing 
voltage is required. 
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10 



15 



20 



Example 9 



Compound/ 

cx\j\j\ "Via livji i 


Concentration 

/ % hv wpinht 
# /o uy wciyi 11 


Physical properties 


CQPY-5-02 


11.0 


T(N,I) 




oo.o 


or* 


PCH-304FF 


13.0 






i .oy / i 




PCH-502FF 


12.0 


An (20°C, 589 nm) 


= 


0.1080 




PCH-504FF 


16.0 


6l (20°C, 1 kHz) 




9.0 




CCP-302FF 


12.0 


Ae (20°C, 1 kHz) 




-5.2 




CCP-502FF 


13.0 


Yi (20°C) 




262 


mPa s 


CCP-21FF 


8.0 


tstore (-20°C) 


> 


1000 


h 


BCH-32 


8.0 


tstore (-30°C) 


> 


800 


h 


CCP-V-1 


4.0 


tstore (-40°C) 


> 


500 


h 


PGIGI-3-F 

2 


3.0 
100.0 


V 0 (20°C) 




1.90 


V 



As in Example 1 , the liquid-crystal medium is introduced into a VA display 
with TFT addressing. This display is distinguished, in particular, by the fact 
that it can be employed in a large temperature range. 
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Compound/ 

ahhr^v/iatinn 

aUUI CV IGMUI 1 


Concentration 


Physical properties 


CQY-5-02 


12.0 


T(N,I) 




fU 




PCH-304FF 


18.0 


n e (20°C, 589 nm) 


= 


1.5850 




PCH-502FF 


9.0 


An (20°C, 589 nm) 




0.1011 




CPY-2-03 


13.0 


6 X (20°C, 1 kHz) 




6.9 




CPY-3-03 


13.0 


As (20°C, 1 kHz) 




-3.3 




BCH-32 


6.0 


Yi (20°C) 




115 


mPas 


CCP-V-1 


2.0 


tstore (-40°C) 


> 


1000 


h 


CC-5-V 


18.0 


V 0 (20°C) 




2.10 


V 


CC-3-V1 


9.0 
100.0 











10 



15 



20 As in Example 1 , the liquid-crystal medium is introduced into a VA display 
with TFT addressing. This display is distinguished, in particular, by very 
short response times. 



25 



The liquid-crystal mixtures of Examples 1 and 3 to 10 can also be used 
with good results in IPS displays. 
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Patent Claims 



Nematic liquid-crystal medium, characterised in that it comprises 
a) a dielectrically negative, liquid-crystalline component (component 
A) which comprises one or more dielectrically negative com- 
pound^) of the formula I 




R 11 is alkyl having from 1 to 7 carbon atoms, alkoxy hav- 

ing from 1 to 7 carbon atoms or alkenyloxy having 
from 2 to 7 carbon atoms, preferably having from 2 to 
4 carbon atoms, 



R 12 is alkyl or alkoxy having from 1 to 7 carbon atoms or 

alkenyl, alkenyloxy or alkoxyalkyl having from 2 to 7 
carbon atoms, 



one of 

Z 11 and Z 12 is OCF 2 or CF 2 0, preferably OCF 2 , and the other is a 
single bond, and 



n 



is 0 or 1 , and 
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b) a dielectrically negative, liquid-crystalline component 
(component B), and optionally 

c) a dielectrically neutral, liquid-crystalline component 
(component C), and optionally 

d) a dielectrically positive, liquid-crystalline component 
(component D). 

Liquid-crystal medium, characterised in that it comprises a or compo- 
nent B which comprises one or more compounds selected from the 
group consisting of the compounds of the formulae II and III 




II 



III 



in which 



R 21 is alkyl or alkoxy having from 1 to 7 carbon atoms or 

alkoxyalkyl, alkenyl or alkenyloxy having from 2 to 7 
carbon atoms, 

R 22 is alkyl or alkoxy having from 1 to 7 carbon atoms or 

alkoxyalkyl, alkenyl or alkenyloxy having from 2 to 7 
carbon atoms, 

Z 21 and Z 22 are each, independently of one another, -CH2-CH2-, 
-CH=CH-, -C=C- -COO- or a single bond, 
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,A 21 >- and 



'A 22 )- and 




and 



— are each, independently of one ~^ 



another, 




L 21 and L 22 are both C-F or one of the two is N and the other is 
C-F, preferably both are C-F, 

m is 0 or 1 , 

Z 3 is -CH2-CH2-, -CH=CH-, -C=C-, -COO- or a single 

bond, 

R 31 and R 32 are each, independently of one another, alkyl or 

alkoxy having from 1 to 7 carbon atoms, having from 
1 to 7 carbon atoms or alkoxyalkyl, alkenyl or 
alkenyloxy having from 2 to 7 carbon atoms, and 

I is 1 or 2. 



Liquid-crystal medium according to at least one of Claims 1 and 2, 
characterised in that it comprises one or more compounds of the 
formula II as given in Claim 2. 
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Liquid-crystal medium according to at least one of Claims 1 to 3, 
characterised in that it comprises one or more compounds of the 
formula III as given in Claim 2. 

Liquid-crystal medium according to at least one of Claims 1 to 4, 
characterised in that it comprises a component C according to Claim 
1. 

Liquid-crystal medium according to at least one of Claims 1 to 5, 
characterised in that it comprises a component D according to Claim 
1. 

Electro-optical display containing a liquid-crystal medium according 
to at least one of Claims 1 to 6. 

Display according to Claim 7, characterised in that it is an active 
matrix display. 

Display according to at least one of Claims 7 and 8, characterised in 
that it is an ECB or IPS display. 

Use of a liquid-crystal medium according to at least one of Claims 1 
to 7 in an electro-optical display. 



2.doc 



-58- 



Abstract 



The present invention relates to nematic liquid-crystal media which 

a) a dielectrically negative, liquid-crystalline component A comprising one 

or more compounds of the formula I 



in which the parameters are as defined in the text, and 

b) a dielectrically negative, liquid-crystalline component B, and optionally 

c) a dielectrically neutral, liquid-crystalline component C, and optionally 

d) a dielectrically positive, liquid-crystalline component D, 

and to the use of these media in liquid-crystal displays, and to liquid-crys- 
tal displays which use these media, in particular VAN and IPS displays. 
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